Abbreviation Key: ACRB = Athens-Canadian Randombred; BR = commercial broilers; BT = body temperature; BWG = BW gain; HS = heat stress; M = mortality; PP = plasma protein. ABSTRACT The effects of heat stress (HS) on total plasma protein (PP) concentrations, body weight gains (BWG), and body temperature (BT) were studied in an Athens-Canadian Randombred (ACRB) population and commercial broilers (BR). The populations were maintained at environmental temperatures of 21, 32, and 38 C from 3 to 6 wk of age. The PP, BWG, and mortality (M) were measured at 3, 4, 5, and 6 wk and BT at 6 wk. After 2 wk of HS, the PP of the birds grown at 38 C was lower than that of birds in the 21 and 32 C environment, but differences for the 21 and 32 C groups were not consistent. The ACRB had significantly lower PP than the BR at 4, 5, and 6 wk. There were no phenotypic correlations between PP and BWG within temperature, line, and sex. The decreased BWG of the BR in response to the HS was much more severe than that of the ACRB. The BT of the ACRB (41.5 C) was significantly lower than that of the BR (41.9 C). Birds grown at 38 and 32 C had a higher BT (42.0 and 41.8 C) than at 21 C (41.3 C).
INTRODUCTION
Heat stress (HS) is a major concern of the broiler (BR) industry because of the resulting decreased growth, increased mortality (M), and poor BW performance (Eberhart and Washburn, 1993) . Responses to HS have been evaluated in a number of ways. Body weight gain (BWG), M, and body temperature (BT) are most often used as responses, but plasma protein (PP) response may be a useful evaluation criterion.
Total plasma protein has been used as an indicator of the effect of aflatoxin in chickens (Washburn et al., 1978; Manning et al., 1990) . Evidence suggests that PP may also give an indication of the effect of HS in chickens (Deaton et al., 1969; Kutlu and Forbes, 1993) .
A temperature of 22 C has been demonstrated to result in maximum growth of 4-to 6-wk-old chickens. A number of studies (Washburn et al., 1980; Cahaner and Leenstra, 1992) , have shown that an increase in environmental temperature in the range of 29 to 35 C decreases the BWG of BR. In some of these studies, variation in response to HS was associated with the naked neck phenotype and with differences in BW, such as those observed in commercial BR and low BW populations.
Mortality is often increased under HS (McDougald and McQuistion, 1980; Bohren et al., 1982) , but is uniformly greater in heavier birds than in lighter birds (Squibb and Wogan, 1960; Marks and Huston, 1973) .
One of the responses to HS is an elevated BT. In addition, M is associated with the inability to regulate BT under HS conditions (Brody, 1945; Keshavarz and McDougald, 1981) . This difference in thermoregulation ability of heat production or heat loss may be under genetic control (Uneo and Komiyama, 1987) .
The present study compares 1) the HS response in BWG, M, PP, and BT of high and low weight chicken populations and 2) the effect of HS on the association (as measured by phenotypic correlation) between these traits in these populations.
MATERIALS AND METHODS
Broiler chicks were used as the large BW population and the Athens-Canadian Randombred (ACRB) chicks (Hess, 1962) were used as the small BW population. They were wing-banded, vent-sexed, vaccinated for Marek's disease, and grown in Petersime batteries 3 until 3 wk of age in each of two hatches. During this period, the chicks were provided ad libitum access to water and the University of Georgia (UGA) broiler starter ration (23% CP, 3,120 kcal ME/kg). The environmental temperature was 32 C at Day 1 and decreased 2.75 C/wk thereafter. At 3 wk of age, 155 ACRB and 144 BR chicks in Hatch 1 and 143 ACRB and 130 BR chicks in Hatch 2 were placed in floor pens in an environmentally controlled house where they remained until 6 wk of age. Equal numbers of each sex from both populations were randomly placed into three replicate pens in each of the three rooms, where the ambient temperatures were maintained at either 21 (control), 32 (mild HS) or 38 C (extreme HS). The birds that died during the 1st wk of HS were not used in the analysis of the data because M during this period is usually associated with a lack of adjustment to their new environments. Each replicate consisted of approximately 16 male and female chicks for each temperature environment for each strain in both hatches. The birds were provided ad libitum access to the UGA broiler finisher ration (21.1% CP, 3,256 kcal ME/kg) and water from 3 to 6 wk. At 6 wk, 149 ACRB and 115 BR remained in Hatch 1 and 139 ACRB and 107 BR remained in Hatch 2. Body weights and PP were determined at 3 wk (before HS) and after HS at 4, 5, and 6 wk of age. Body weight gains from 3 to 4, 4 to 5, and 5 to 6 wk were calculated. Mortality was recorded and summarized on a weekly basis. For the determination of PP, the chicks were bled by wing vein prick and the blood collected in dried, heparinized microhematocrit tubes. The plasma was separated by centrifugation and total PP concentrations were determined from a 2-mL plasma sample using the Bio-Rad Protein Assay method (Bradford, 1976) .
Cloacal temperatures were obtained after 3 wk of HS (6 wk of age) using a thermocouple thermometer. 4 After inserting the thermometer, the temperature was allowed to stabilize 10 s before the reading was obtained.
Analysis of variance was performed using SAS ® (SAS Institute, 1987). Treatment effects were analyzed within hatch using the General Linear Models procedure (GLM) of SAS ® along with Duncan's multiple range test to separate means (Duncan, 1955) .
Phenotypic correlations of PP concentrations determined at different ages were obtained. Phenotypic correlations between PP concentrations and BWG were calculated within temperature, line, and sex.
RESULTS AND DISCUSSION

Plasma Protein
The ACRB population had significantly lower PP concentrations than the BR population at 4, 5, and 6 wk of age in both hatches (Table 1) . No PP differences were observed between the populations for either hatch at 3 wk of age (before HS), which suggests an interaction in the response of the populations to their environment. However, the temperature by population interaction was significant in only one of the six comparisons during HS ( Table 1 ), indicating that the PP response of the large (BR) and small (ACRB) BW populations to environmental temperature was similar.
The HS environment did not have an effect on PP until after 2 wk (Table 1) . After 2 and 3 wk of HS, the PP was significantly lowered at the 38 C temperature in both hatches. The 32 C environment did not result in a significant depression of PP in either hatch. Therefore, an association between extreme HS and the level of PP may only be evident after birds have been previously subjected to extreme temperature and allowed to remain at that temperature over a period of time (in this experiment, 2 wk). Squibb et al. (1959) compared the serum protein levels of birds exposed at 5 wk of age for 7 d to temperatures of 23.0 and 37.2 C. They found that serum protein levels were not affected by either of the two temperature regimens. Because the birds were only exposed to the temperatures for 7 d, it is possible that further exposure to these temperatures might have yielded results similar to the present experiment.
In a preliminary study, Ward and Peterson (1973) , reported that broilers subjected to chronic HS (33 to 35 C for 4 wk) had a significantly lower level of PP than those subjected to 18 to 22 C for 4 wk. Huston and Subhas (1969) reported that birds held at 30 C had low total PP in comparison to those at 18 C. Similarly, Das, 1971 (unpublished data) determined that birds that were maintained at higher temperatures, 21 to 32 C, had significantly lower total PP content than those held at 18 C; however, in the present study, there were no consistent differences in PP between the 21 and 32 C temperature groups (Table 1) .
In the present study, sex did not have a consistent effect on PP in either hatch ( Table 1 ), suggesting that PP would not be a good indicator of the differences in male and female response to HS.
Phenotypic Correlation of PP at Different Ages
The phenotypic correlations of individual PP at all age combinations (3 and 4, 3 and 5, 3 and 6, 4 and 5, 4 and 6, and 5 and 6 wk) are presented in Table 2 . T hey were determined separately by temperature over sex and population, population over sex and temperature, and sex over population and temperature. Because of the large number of correlations, they are presented as means and range with the number of significant correlations in each group. Although some of the phenotypic correlations were statistically significant, most of these were of very low magnitude without any consistency within temperature, line, or sex main effects. This result indicates that there were no observable trends towards a greater degree of association between PP at different ages in the different temperature environments, between populations, or between sexes.
Phenotypic Correlation Between PP and BWG
The phenotypic correlations between PP concentrations and BWG within temperature, line, and sex are presented in Table 3 . Both the magnitude of the correlations and the infrequent occurrence of significant correlations indicate a lack of relationship between PP concentrations and BWG. There were no observable trends toward a greater degree of association between PP concentrations and BWG in the different temperature environments or between sexes.
Body Weight Gain
High temperature can have a dramatic effect on the growth of chickens. Some studies by researchers such as Kubena et al. (1972) and Howlider and Rose (1989) have stated that the magnitude of the effect of high temperature was not dependent on sex, yet, in the present study, HS had a greater effect on BWG of the males (Table 4 ). The present findings are consistent with those of Gross and Siegel (1980) , in which the effect of HS on 4-wk BWG was shown to be sex dependent, being less severe in females. Osman et al. (1989) also found that the reduction of BWG due to high temperatures was larger in males than in females.
A number of previous studies have observed negative effects of high environmental temperature on BWG in chickens (Cowan and Michie, 1978; Cahaner et al., 1993) . In all of these studies, a HS environment of approximately 32 C caused a significant decrease in BWG as opposed to a moderate temperature (23 C ± 2). Similar detrimental effects of high environmental temperature on BWG were observed in the present study (Table 4 ). This detrimental effect was observed the 1st wk of exposure to HS and the effect was significantly greater in the 38 C environment than in the 32 C environment. The magnitude of this depression and the differences in HS environments increased with age.
There was a significant interaction in the response of the populations to HS (Table 4) in both hatches and at all ages. The magnitude of this difference is presented in Table 5 , hatches combined. In both the ACRB and BR populations, BWG decreased as the temperature increased. In the BR population this decrease was severe, especially in the 38 C temperature, where many of the BR failed to gain weight, whereas the ACRB population had consistent growth throughout the three temperature regimens with only a slight decrease in BWG as the temperature increased. Studies by Washburn et al. (1980) and Cahaner and Leenstra (1992) also observed this interaction in response to HS of high and low BW populations. 
TABLE 2. Phenotypic correlations between plasma proteins of Athens-Canadian randombred (ACRB) and broiler (BR) populations determined at different ages
Age
Temperature Strain 3 to 4 wk 4 to 5 wk 5 to 6 wk (g) 21 C ACRB 79 ± 2.4 124 ± 3.0 108 ± 3.0 BR 374 ± 7.7 555 ± 8.7 489 ± 12.0 32 C ACRB 75 ± 1.9 113 ± 2.1 98 ± 2.1 BR 313 ± 7.1 405 ± 9.2 290 ± 13.0 38 C ACRB 52 ± 2.3 74 ± 2.0 76 ± 1.9 BR 149 ± 7.3 153 ± 11.7 39 ± 13.7
Mortality
The effects of the HS environment on the M of the two populations are shown in Table 6 . There are three important aspects of the response: 1) the overall response to the two HS temperatures, 2) the effects of increasing age, and 3) the effects of an acute HS episode, in Hatch 2, in which the temperature in the 32 C room abruptly increased to 38 C and remained at this level for several hours before detection. The M of the ACRB population was low for all temperatures in both hatches. This is consistent with the M results exhibited in a study by ElGendy, 1992 (unpublished data) , in which the M among ACRB chicks grown under the HS environment was very low. Similar differences were found in large and small BW lines of quail (Marks and Huston, 1973) and between low and high BW strains of White Leghorn chickens (Uneo and Komiyama, 1987) . In a previous study of the effect of HS early in life on the M of BR exposed to high environmental temperature just prior to marketing, Arjona et al. (1988) stated that as the environmental temperature exceeds 35 C morbidity and M of BR increased substantially. This statement is supported by the results of the present experiment in which the 32 C environment had a slight effect on M of BR, whereas the 38 C environment had a large effect on M of BR.
The accidental acute increased HS episode in Hatch 2 resulted in 37% M in the BR population, but no M in the ACRB birds (Table 6 ). This result indicates that the lower BW populations can withstand the effects of both chronic and acute HS better that the higher BW populations.
BT
The BT of the ACRB population (41.5 C) was significantly lower than that of the BR population (41.9 C) at all temperatures in both hatches (Table 6) . Two studies by Washburn and Pinson (1990) and Eberhart and Washburn (1993) found that the BT of BR was significantly lower than that of an ACRB population. In their findings, little or no correlation was found between BW and BT, within populations, indicating that the differences between the two populations in BT is more related to overall genetic differences than to body size. There were no significant differences in BT between the sexes in either hatch (Table 7) . These results are the same as previous studies (Katanbaf et al., 1988; Dunnington and Siegel, 1984) .
Birds grown at 38 and 32 C had a higher BT (42.0 and 41.8 C) than at 21 C (41.3 C) ( Table 7 ). This effect is consistent with the findings of Ward and Peterson (1973) that long-term exposure (33 to 35 C for 4 wk) resulted in increased BT to 42.3 C compared to 41.7 C for controls (18 to 22 C for 4 wk). In the present study, the BT of the BR had a greater response to the increasing environmental temperatures than the ACRB in Hatch 1, but not in Hatch 2 (Table 8) . In Hatch 1, the differences in BT of the BR population were elevated more in the 38 C environment than were those of the ACRB population (0.7 vs 0.2 C increase). However, this effect was not observed in Hatch 2 (Table 7) . The absence of an interaction in Hatch 2 may have been the result of the acute HS episode, in Hatch 2, which caused extensive M of the BR without any ACRB losses. The surviving BR may have become acclimated to the heat; therefore, they were able to regulate their BT better than the BR in Hatch 1.
